Leishmaniasis, a neglected disease caused by protozoans of the Leishmania genus, is still present in 98 countries with about two million new cases yearly worldwide. It is transmitted by female phlebotomine sandflies and presents itself as cutaneous, mucocutaneous and visceral clinical forms, depending on the Leishmania species and the parasite-host relationship. Visceral leishmaniasis (VL) is caused by Leishmania (Leishmania) infantum chagasi, endemic in 12 countries of Latin America, with 90% of the cases reported in Brazil. VL is characterized by irregular bouts of fever, weight loss, hepatosplenomegaly and pancytopenia, being highly fatal with no treatment. The main strategy in limiting the expansion of VL, besides the treatment of human cases, is the control of the vector Lutzomyia longipalpis and its reservoirs. There are only few studies on the natural infection of Leishmania species, especially in relation to its endemic distribution. Epidemiological studies of leishmaniasis may indicate the infection rate of parasites in sandflies in order to assess the populations at risk and to direct public health control strategies. In this context, we aimed to review the main features of VL with regard the distribution of disease cases and natural infection rates of Leishmania in Lu. longipalpis in Latin America.
Introduction
Leishmaniasis is a protozoan disease caused by the Leishmania genus, transmitted by female phlebotomine sandflies. Foxes and didelphid marsupials are the main rural reservoirs, and [7] using phylogenetic analysis of Leishmania species occurring in Latin America.
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Leishmaniasis in humans presents a wide diversity of clinical manifestations depending on the complex interactions between the parasite and the host immune responses, ranging from asymptomatic to severe and potentially lethal disease. The disease is classified into three main forms: cutaneous (CL), mucocutaneous (MCL), and visceral leishmaniasis (VL) [17] .
CL is the most frequent clinical form, representing 75% of leishmaniasis total cases, and has an estimated yearly incidence of 0.7-1.2 million cases, being distributed in Afghanistan, Colombia, Brazil, Algeria, Peru, Costa Rica, Iran, Syria, Ethiopia and Sudan [4, 5] . CL is characterized by localized cutaneous nodules or lesions at the site of the sandfly bite (localized form). It has an incubation time of weeks to months, and initially has the appearance of an erythematous papule, which can evolve into a plaque or ulcer or can spontaneously heal in 2-10 months. These lesions are usually painless and without evident systemic symptoms or pruritus. Parasites can disseminate through the skin and form multiple non-ulcerative nodules (diffuse form), which is associated to an ineffective immune response, especially in patients infected with human immunodeficiency virus (HIV) [18, 19] .
Moreover, Leishmania spp. can propagate through the lymphatic system, resulting in nasobronchial and oral mucosal tissue destruction (MCL form) [18, 19] . The MCL form affects both nasal and oral mucous membranes, leading to partial or total destruction. The VL is a systemic and chronic disease, and it is highly fatal if not treated [1] .
Visceral leishmaniasis

Epidemiology
VL is recognized by the World Health Organization (WHO) as one of the most important zoonoses, due to its high incidence and mortality. Every year about 500,000 new cases of VL are reported, with 40,000-50,000 deaths worldwide [20] . The disease is endemic in 65 countries, including Bangladesh, India, Brazil, Nepal, Ethiopia and Sudan. In Latin America, VL is present in 12 countries and is caused by the protozoan Leishmania (L.) infantum chagasi, with 90% of the cases being reported in Brazil, especially in the Northeast and Southeast regions, representing a significant public health concern [3, 21] . In Brazil, the average number of cases of VL increased from 2866 in 1990-2000 to 3353 in 2001-2014 [22] , with a fatality rate of about 7% in 2014 [23] .
The disease has shown significant changes in the pattern of transmission, initially with a predominantly rural distribution, which fly has expanded to peri-urban and large urban areas [20, 24] . Although the main route of transmission is associated to hematophagous sandfly vectors, there are other routes which are important to be reported, including sexual, vertical and hematogenic [16] .
Although the infection can affect people of all ages, in endemic areas, most reported cases are children below 10 years old. This is probably due to their immunological immaturity aggravated by malnutrition, which is common in these areas [3, 20] . Over 60% of the affected people are males [21, 25] .
Clinical features
VL is also known as kala-azar or "black fever/disease", which is a reference to the skin hyperpigmentation by melanocyte stimulation during infection. In addition, other terms are used to describe VL, such as Dumdum fever, Assam fever and infantile splenomegaly. It is the most severe leishmaniasis form and generally affects the spleen, liver, bone marrow or other lymphoid tissues. The syndrome is characterized by fever, weight loss, hepatosplenomegaly, pancytopenia and hypergammaglobulinemia. The fever can be continuous or remittent, and also characteristically described as periods with and without pyrexia, becoming intermittent at a later stage. Patients may also report night sudoresis, weakness, diarrhea, malaise and anorexia [26] .
The onset of VL can be insidious or sudden, and the incubation period varies from 3 to 6 months, depending on the patient's age and immune status, as well as the species of Leishmania. If untreated, it is frequently fatal within 2 years. Death may be related to hemorrhage, severe anemia, immunosuppression and/or secondary infections. Interestingly, some successfully treated VL cases may develop maculopapular or nodular rashes, named post-kala-azar dermal leishmaniasis [17, 19] and classified into three types: depigmented macules, erythematous patches, and yellowish pink nodules [27] . Complications of VL include amyloidosis, glomerulonephritis [28] and cirrhosis [29] . In HIV patients coinfected with VL, atypical symptoms include gastrointestinal ulcerations, pleural effusion and odynophagia [30] .
Diagnosis and treatment
The diagnosis of VL is still a challenge, especially in needy regions. Even though serological and molecular tests have improved the laboratory diagnosis of VL considerably, none of the available methods present 100% sensitivity and specificity [31] . The gold standard diagnosis method is still the identification of the parasite, with visualization of amastigotes from bone marrow or visceral aspirates, which holds 100% specificity. However, the sensitivity of the parasitological test varies depending on the sample, and aspirations are invasive and can cause life-threatening hemorrhages. Serological methods, on the other hand, are highly sensitive but with varying specificity [32] , showing cross-reactivity with trypanosomiasis, malaria, tuberculosis, brucellosis and typhoid fever [31] . In addition, antileishmanial antibodies can be found in asymptomatic individuals and are still present after treatment and recovery, making the evaluation of therapeutic response difficult [33, 34] . Molecular techniques are remarkably sensitive and specific and can differentiate asymptomatic from clinically active infection even in HIV coinfected patients, but are costly [35, 36] .
The first choice of treatment for VL is the antimonial N-methyl glucamine followed by amphotericin B (AmpB) and derivatives [37] ( Table 1) . The AmpB isolated in 1955 as a natural antibiotic was first reported as having antileishmanial activity in the early 1960s. Currently, its liposomal formulation is used to treat VL with a 95% cure rate for a single-course therapy [38, 39] . Although there are no absolute contraindications against the use of AmpB, nephrotoxicity [40] and hematotoxicity [41] should be considered [42] .
The liposomal form of AmpB is ideal in the treatment of leishmaniasis, since enables the drug to concentrate specifically at the site of infection, reducing the concentration in others organs [43, 44] .
More recently, other drugs such as miltefosine, paromomycin and pentamidine have been used in the treatment of VL in some countries of Africa and Asia, but the efficacy and required dosage of several of these medicines have not been demonstrated in all endemic areas and may differ between these areas [20] .
Some criteria need to be observed for the choice of treatment, such as assessment and stabilization of clinical conditions and comorbidities present at the diagnosis of VL and electrocardiogram. The use of methylglucamine antimoniate has been especially critical in cases where resistance against pentavalent antimonials is widely spread [45] .
Unfortunately, the majority of the population affected by VL is of low income, having no access to diagnosis and treatment options, thereby increasing the mortality rate due to the infection. In endemic areas, VL diagnosis is in most cases based only on clinical characteristics and epidemiologic aspects. Despite the urgent needs, research and development on leishmaniasis have been regrettably neglected.
Natural infection of phebotomine with Leishmania
Vectors of L. (Leishmania) infantum chagasi
According to Killick-Kendrick [47] , four criteria must be fulfilled before incriminating a given specie as a vector for a zoonotic disease: feeding on humans and in the animal reservoir, supporting the parasites after ingestion, displaying indistinguishable parasites from those isolated from patients and transmitting the parasite by biting.
Lutzomyia (Lutzomyia) longipalpis is the most competent vector for L. (L.) infantum chagasi in VL
Latin American foci; however, other sandflies species may be acting in the cycle of VL, mainly in areas where Lu. longipalpis is absent [48, 49] . In fact, Pintomyia (Pifanomyia) evansi has been related to VL transmission in Colombia [50] [51] [52] [53] and Venezuela [54, 55] . [66] . Similarly, as observed in Brazil, natural infection of Mg. migonei and Nyssomyia whitmani were found in Argentina [67] .
Note: The classification and abbreviation of sandflies were used here according to Galati [68] and Marcondes [69] , respectively.
Methods for detecting naturally infected vectors
The report of natural infection by L. (L.) i. chagasi in female phlebotomine sandflies is an important tool for epidemiological investigation, being indispensable for appropriate VL control strategy. Distinct techniques have been applied to identify parasitic infection in the insect, including classical and molecular methods.
The classical method to detect natural infection is based on the direct observation of parasites under microscopy, after sandfly gut dissection. However, this in loco identification is laborious, time consuming and requires experience. Another limiting factor is the difficulty in processing the large number of samples required in epidemiological studies [70, 71] . In addition, since other flagellated parasites can be found in the digestive tract of the insects, infection needs to be confirmed by in vitro culture of Leishmania or by inoculation into laboratory animals [72, 73] . Furthermore, low parasitemia may underestimate the rates of natural sandfly infection, which are usually about 0.2% using the classical approach, often contrasting with the high frequency of VL in endemic areas [64, [74] [75] [76] . However, the dissection method has the advantage of allowing to determine the course and location of infection by Leishmania in the sandfly digestive tract [77] .
Alternatively, molecular approaches represent a more specific and sensitive technique, allowing the DNA detection of a single Leishmania parasite, regardless of its stage and localization in the insect gut [78, 79] . Indeed, PCR-based technique was eight times more efficient in detecting trypanosomatids than the dissection method and two times more efficient in identifying natural infection by Leishmania [80] . However, molecular methods have the dis-advantage of not being able to distinguish between viable and dead parasites [81] . To access the genetic material of the parasite, DNA/RNA is extracted generally using a pool of about 10 female phlebotomine sandflies [82, 83] .
Multiple molecular markers from nuclear and kinetoplast Leishmania DNA have been used to detect naturally infected phlebotomines, including the miniexon-derived RNA gene, rRNA gene, repeated genomic sequences and the kinetoplast minicircle DNA (kDNA),
which is present at thousands of copies per cell [84] [85] [86] [87] . These molecular markers are assessed by PCR methods using specific primers to amplify conserved regions, with kDNA amplification having greater reliability as a marker for the parasite when compared to miniexon and 18S rRNA [88] . Currently, PCR assays are able to detect and identify the parasite (L. (L.) i. chagasi) and vector (Lu. longipalpis) responsible for VL [82, [89] [90] [91] . Besides that, qPCR combines the identification of genetic material with the quantification of parasites present in the phlebotomine, which is important for VL transmission and the establishment of infection [83] .
Disease cases and natural infection rates in Latin America
The magnitude of VL in Latin America is not completely known, mainly because most countries do not have effective surveillance systems [92] [93] [94] . VL was reported in at least 12 countries in Latin America, with Brazil having the highest number of cases, followed by Paraguay, Argentina and Colombia [21, 25] (Figure 3) .
The Brazilian Ministry of Health declared a total of 78,444 VL cases in 25 years of notification (1990-2014), with approximately 67% of them in the Northeast region. In this period, the annual mean in the country was 3137 cases and the incidence was two cases/100,000 inhabitants [22] . In addition, an increase of 3.2-6.6% in mortality rate caused by leishmaniasis was reported in Brazil from 2000 to 2014 [23] .
Although resources have been invested in the VL control and establishment of protocols for specific treatment, important territorial expansion of VL in Latin America countries has been registered [21, 25, 95] . In Brazil, it was initially restricted to poor rural areas in the northeast The Epidemiology and Ecology of Leishmaniasisof the country; however, since 1980s, the disease has gradually spread to major cities and peri-urban areas in North, Southeast, South and Midwest regions [3, 96] , occurring in 23 of the 27 Brazilian states [97] (Figure 4 ).
Current control strategies to limit the VL expansion are directed against the vector, using insecticides; the canine reservoir by serological screening, by euthanasia in seropositive dogs and by the use of vaccine in asymptomatic animals with negative serological results, in addition to the diagnosis and treatment of human cases. Unfortunately, the results of those interventions have been shown to be modest [3, 96] . Since VL epidemiological data are generally based only on the prevalence of human infection [98] , surveillance strategies based on a better definition of transmission, risk areas and rates of naturally infected sandflies are necessary in order to provide better control of the disease.
Natural infection rates by L. (L.) i. chagasi in phlebotomine are still poorly investigated even in VL endemic areas ( Table 2 ). Literature has shown that infection ratios are usually low, ranging around 1-3% in Latin America, often contrasting with the high incidence of the disease in these regions [74, 76, 99] . According to Cimerman and Cimerman [109] , transmission depends on the presence of high densities of Lu. longipalpis, as observed during outbreaks of the disease. Several factors may be associated with the difference between natural infection rates detected and VL human cases reported. However, it is possible that even low infection rates are sufficient to maintain 
Conclusion
The epidemiology of leishmaniasis is complex due to the diversity of protozoan, vector and reservoirs species, associated to a variety of clinical events. Early diagnosis and treatment of infected patients is crucial to direct public policies of VL control, especially because the disease has common clinical manifestations and geographic distributions with other infections such as Chagas disease, malaria, schistosomiasis, typhoid fever and tuberculosis. In this context, molecular approaches to determine rates of Lu. longipalpis naturally infected with Leishmania allows the estimation of the transmission risk for VL and vectorial capacity in areas where many species of phlebotomine sandflies coexist.
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